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(54) Piston for a swash plate compressor 

(57) There is provided a reciprocal motion type 
compressor which has a piston reciprocally movable in 
a cylinder: The piston has a piston cover and a piston 
body portion. The piston cover has an insertion portion 
engaged with the piston body portion. The insertion por- 



tion has a sectional shape which becomes smaller grad- 
ually from the cover portion toward an end surface of the 
insertion portion. This structure provides an increased 
tensile strength of the piston. 




FIG. 4 
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Descripti n 

Background of the Invention: 

[0001] The present invention relates in general to a 
compressor and more particularly to a reciprocal motion 
type compressor generally and widely used for automo- 
tive vehicles, cars and the like. 

[0002] A conventional reciprocal motion type com- 
pressor comprises a cylinder block defining a cylinder 
bore extending in an dial direction of the compressor. A 
piston is placed in the cylinder bore to be movable in the 
axial direction. The piston is reciprocally driven in the 
axial direction through a driving mechanism by an 
engine mounted on, for example, an automobile. 
[0003] In the conventional reciprocal motion type com- 
pressor, the piston comprises a body member and a 
cover member coupled to the body member. The body 
member has a hollow portion at a rear portion thereof. 
The cover member has an insertion portion inserted 
into the hollow portion off the body member. After the 
insertion portion is inserted into the hollow portion, the 
body member and the cover member are fixed together 
by, for example, an electronic beam welding technique 
to form a coupling portion. 

[0004] In the piston, there is a serious problem in 
mechanical strength in the coupling portion between the 
body member and the cover member in the axial direc- 
tion That is, the strength in the coupling portion is rather 
weak in the conventional structure. Therefore, the cou- 
pling portion has less durability relative to a repeated 
reciprocal movement of the compressor, particularly in 
a high speed operation of the compressor. 

Summary of the Invention: 

[0005] It is therefore an object of the present invention 
to provide a new and improved compressor, particularly 
in a swash plate type compressor, which has an 
improved, increased tensile strength in a piston struc- 
ture in an axial direction. 

[0006] Other objects of the present invention will 
become clear as the description proceeds. 
[0007] According to an aspect of the present inven- 
tion, there is provided a reciprocal motion type com- 
pressor which comprises a cylinder block defining a 
cylinder bore extending in an axial direction of the com- 
pressor, a piston placed in the cylinder bore and mova- 
ble in the axial direction, and driving means for 
reciprocally driving the piston in the axial direction. The 
piston comprises a body member having a front portion 
and a rear portion which are opposite to each other in 
the axial direction. The front portion is coupled to the 
driving means. The rear portion has a rear surface and 
a hollow portion extending from the rear surface in the 
axial direction. The piston further comprises a cover 
member coupled to the rear portion of the body member 
to close the hollow portion. The cover member com- 



prises a plate portion fixed to the rear surface of the 
body member in the axial direction and a flange formed 
integral with the plate portion and inserted into the hol- 
low portion of the body member for reinforcing the plate 
5 portion. 

[0008] According to another aspect of the present 
invention, there is provided a reciprocal motion type 
compressor comprising a piston reciprocally movable in 
a cylinder bore. In the compressor, the piston has a 

10 cover member and a body member fixed to each other. 
The cover member has an insertion portion engaged 
with a rear section of the body member. The insertion 
portion has a sectional area becoming smaller gradually 
from a rear end of the insertion portion towards a front 

is end thereof. 

[0009] According to still another aspect of the present 
invention, there is provided a reciprocal motion type 
compressor which comprises a cylinder block defining a 
cylinder bore extending in an axial direction of the com- 

20 pressor, a piston placed in the cylinder bore and mova- 
ble in the axial direction, and driving means for 
reciprocally driving the piston in the axial direction. The 
piston comprises a body member having a front portion 
and a rear portion which are opposite to each other in 

25 the axial direction. The front portion is coupled to the 
driving means. The rear portion has a rear surface and 
a hollow portion extending from the rear surface in the 
axial direction. The piston further comprises a cover 
member coupled to the rear portion of the body member 

30 and comprising a fitting portion substantially closely fit- 
ted into the hollow portion of the body member. The fit- 
ting portion comprises a front section having a first 
sectional area and a rear section having a second sec- 
tional area which is greater than the first sectional area. 

35 

Brief Description of the Drawing: 
[0010] 

40 Fig. 1 is a longitudinal sectional view of a reciprocal 
motion type compressor according to an embodi- 
ment of the present invention; 
Fig. 2 is an enlarged sectional view of a piston 
included in the compressor of Fig. 1 ; 

45 Fig. 3 is a diagram shoving a comparison in a ten- 
sile strength among the piston of Fig. 2, a conven- 
tional piston, and an earlier piston; and 
Fig. 4 is an enlarged sectional view of another pis- 
ton which can be included in the compressor of Fig. 

50 1. 

npfinri ption of the Preferred E mbodiments: 

[001 1 ] Referring to Fig. 1 , description will be made as 
55 regards a reciprocal motion type compressor according 
to an embodiment of the present invention. 
[001 2] The compressor is a volume variable compres- 
sor of a swash plate type known in the art and com- 
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prises a cylinder block 1 1 having a plurality of cylinder 
bores 12 each extending in an axial direction of the 
compressor, a cylinder head 13 fixed to an end of the 
cylinder block 11 in the axial direction through a valve 
plate 1 4, and a front housing 1 5 fixed to the other end of 5 
the cylinder block 1 1 in the axial direction. The cylinder 
block 1 1 and the front housing 15 defines a crank cham- 
ber 16 in cooperation with each other. 
[0013] A drive shaft 17 is rotatably supported by the 
cylinder block 11 and the front housing 15 via a rear 10 
radial bearing 18 and two front radial bearings 19 and 
21. The drive shaft 17 is driven by, for example, an 
engine of an automobile. A rotor 22 is placed in the 
crank chamber 16 and fixed to the drive shaft 17 by a 
pin member 23. A thrust hearing 24 is interposed 15 
between the rotor 22 and the front housing 1 5. A swash 
plate 25 is placed in the crank chamber 16 and coupled 
to the rotor 22 through a plate boss 26 and a hinge 
mechanism 27. The hinge mechanism 27 makes the 
swash plate 25 have an angle which is variable in the 20 
manner known in the art. It is a matter of course that the 
awash plate 25 is rotated together with the drive shaft 
17 and the rotor 22. 

[0014] A plurality of pistons 28 are slidably inserted in 
the cylinder bores 12, respectively. Each of the pistons 25 
28 is engaged with a peripheral portion of the swash 
plate 25 via shoes 29 in the axial direction. In accord- 
ance with the rotation of the awash plate 25, a plurality 
of pistons 28 are driven via the shoes 29 in the cylinder 
bores 12, respectively. As a result, each of the pistons 30 
28 is reciprocated to cause compression of a gaseous 
fluid such as a refrigerant gas. In other words, the gas- 
eous fluid is displaced from a suction chamber 31 to a 
discharge chamber 32 through the cylinder bores 12 in 
response to reciprocation of each of the pistons 28. A 35 
combination of the drive shaft 17, the rotor 22, the hinge 
mechanism 27, the plate boss 26, the swash plate 25, 
and the shoes 29 is referred to as a driving arrange- 
ment. 

[001 5] The cylinder blob 1 1 has a center bore 33 pen- 40 
etrating in the predetermined direction at a central por- 
tion thereof. A flow control valve 34 is placed in a rear 
portion of the center bore 33 and is for controlling a flow 
of the gaseous fluid between the crank chamber 1 6 and 
the suction chamber 31 in the manner known in the art. 45 
[0016] Referring to Fig. 2 in addition, the description 
will be directed to the piston 28. 
[0017] In the compressor, the piston 28 comprises a 
body member 33 and a cover member 34 coupled to the 
body member 33. The body member 33 has a front por- so 
tion 33a and a rear portion 33b which are opposite to 
each other in the axial direction. The front portion 33a is 
coupled to swash plate 25 via the shoes 29. The rear 
portion 33b has a rear surface 35 and a hollow portion 
36 extending from the rear surface 35 in the axial direc- 55 
tion. 

[0018] The cover member 34 comprises a plate por- 
tion 37 and an insertion portion or a fitting portion 38 



which is formed integral with the plate portion 37 and 
protrudes from the plate portion 37 in the axial direction. 
The fitting portion 38 is substantially closely fitted into 
the hollow portion 36 of the body member 33. The plate 
portion 37 is fixed to the rear surface 35 of th body 
member 33 in the axial direction by welding and others. 
[001 9] The fitting portion 38 comprises a front end or 
a front section 41 having a first sectional area, a rear 
end or a rear section 42 having a second sectional area 
greater than the first sectional area, and an intermedi- 
ate section 43 between the front and the rear sections 

41 and 42. The intermediate section 43 has a sectional 
area becoming smaller gradually from the rear section 

42 towards the front section 41 . 

[0020] In other words, the f itting portion 38 has a cir- 
cular flange 44 for reinforcing the plate portion 37. With 
the circular flange 44, deformation of the plate portion 
37 is suppressed even when tensile force acts to the 
plate portion 37 on the compressor being driven. There- 
fore, tensile stress does not concentrate at a local area 
or portion between the rear surface 35 of the body 
member 33 and the plate portion 37. This results in an 
increase of tensile strength of the cover member 34. 
[0021] The circular flange 44 is defined between an 
outer peripheral surface 45 and an inner peripheral sur- 
face 46 which is opposite to the outer peripheral surface 
45 in a radial direction perpendicular to the axial direc- 
tion. The outer peripheral surface 45 has a size sub- 
stantially even between the front and the rear sections 
41 and 42. The inner peripheral surface 46 becomes 
greater gradually from the rear section 42 towards the 
front section 41 to form a smoothly curved concave 
known in the art. 

[0022] The body member 33 and the cover member 
34 are fixed together by, for example, an electronic 
beam welding technique to form a coupling portion hav- 
ing a welded portion 47. In place of a welding method, 
use may be made of a mechanical method or a chemi- 
cal method for fixing the body member 33 and the cover 
member 34 to each other. More particularly, other con- 
necting technique can be used such as a mechanical 
coupling technique by using a threaded engagement 
and a chemical coupling by using desired adhesives. A 
tensile strength of the coupled elements exhibits sub- 
stantially the same properties. 

[0023] In the compressor, each of the pistons 28 is 
has a hollow structure to avoid an increase of an inertia 
force to hereby avoid difficulties for a high speed opera- 
tion. On the other hand, if each piston 28 is solid, an 
inertia force is increased to prevent desirable high 
speed operation. It is preferable that each piston 28 is 
made of aluminum for the purpose of weight saving. 
[0024] In each piston 28, a great amount of load is 
added to the cover member 34 which forms a "head" 
portion of the piston. The load added to the cover mem- 
ber 34 is consequently concentrated on the above-men- 
tioned coupling portion. However, the coupling portion is 
prevented from a breakdown thereof because the cou- 
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pling portion has increased tensile strength in the axial 
direction. 

[0025] Referring to Fig. 3, the description will be pro- 
ceeded. Experiments have proved that the products 
(pistons) of the present invention had a larger mechani- 
cal strength than each of th conventional piston and 
the earlier piston. The conventional piston had a tensile 
strength of only 1 ton (1,000 kg). The earlier piston 
modified in a thickness of the cover member 34 was 
twice as large as the conventional product and had a 
tensile strength of 2 tons (2,000kg). By contrast, the pis- 
ton of Fig. 1 with the same thickness of the cover mem- 
ber 34 had a much larger tensile strength of 3 tons 
(3.000kg). 

[0026] In the piston 28 of Fig. 2, the fitting portion 38 
is so formed that its cross sectional shape is gradually 
decreased and it was found by the experiments that this 
structure of the fitting portion 38 can provide a remarka- 
ble advantage without an increase of an entire thickness 
of the piston. It will be conceived that the advantage 
described above is induced by the structural feature of 
the fitting portion 38, which is formed gradually 
decreased in its cross sectional shape as described 
above, because it is supposed that the fitting portion 38 
is extended and closely contacted with the body mem- 
ber 33 against shoes or any other external forces and 
consequently provides a strong adhesive force and an 
absorption force relative to the body member 33. 
[0027] Referring to Fig. 4, the description will be made 
as regards a modification of the piston 28. In the modifi- 
cation, the outer peripheral surface 45 has a size sub- 
stantially even between the front and the rear sections 
41 and 42. The inner peripheral surface 46 becomes 
greater gradually from the rear section 42 towards the 
front section 41 to form a conical surface known in the 
art 

[0028] According to the above-mentioned compres- 
sors, there is provided an improved structure of the pis- 
ton for a compressor which permits a simple structure 
and provides a large mechanical strength against ten- 
sile and compressive forces and, in addition, suitably 
applicable to an high speed operation and various types 
of compressors, for example, those employing recipro- 
cal pistons. In a case of a reciprocal motion type com- 
pressor, a great advantage can be expected in 
operational properties. 

[0029] While the present invention has thus far been 
described in connection with a few embodiments 
thereof, it will readily be possible for those skilled in the 
art to put this invention into practice in various other 
manners. For example, other cross sectional shapes 
can be applied such as various curves, straight lines 
and combinations thereof in the inner peripheral sur- 
face. Although the description is made as regards the 
volume variable, swash plate type compressor, the 
present invention is not limited to this type of compres- 
sor but can be extensively applied to the other types of 
compressor employing reciprocally movable pistons 



and, in that case, the invention can be applied to mem- 
bers and elements which receive compressive fore 
and tensile force. Particularly, the present invention can 
be remarkably applied to the case of a high speed oper- 
5 ation. In addition, the invention will be applicabl to the 
other various parts and elements which are expected to 
provide similar actuation and operation. 

Claims 

10 

1 . A reciprocal motion type compressor comprising a 
cylinder block defining a cylinder bore extending in 
an axial direction of the compressor, a piston 
placed in said cylinder bore and movable in said 
75 dial direction, and driving means for reciprocally 
driving said piston in said axial direction, said piston 
comprising: 

a body member having a front portion and a 
20 rear portion which are opposite to each other in 

said axial direction, said front portion being 
coiled to said driving means, said rear portion 
having a rear surface and a hollow portion 
extending from said rear surface in said axial 
25 direction; and 

a cover member coupled to said rear portion of 
said body member to close said hollow portion, 
said cover member comprising a plate portion 
fixed to said rear surface of said body member 
30 in said axial direction and a flange formed inte- 

gral with said plate portion and inserted into 
said hollow portion of said body member for 
reinforcing said plate portion. 

35 2. A reciprocal motion type compressor as claimed in 
claim 1 , said flange comprises: 

a front section having a first sectional area; a 
rear section having a second sectional area 
40 which is greater than said first sectional area; 

and 

an intermediate section between said front and 
said rear sections, said intermediate section 
having a sectional area which becomes smaller 
45 gradually from said rear section towards said 

front section. 

3. A reciprocal motion type compressor as claimed in 
claim 1 or 2, wherein said flange is of a circular 

so shape and substantially closely fitted into said hol- 
low portion of said body member. 

4. A reciprocal motion type compressor as claimed in 
claim 2 or 3, wherein said flange has an outer and 

55 an inner peripheral surface which are opposite to 
each other in a radial direction perpendicular to 
said axial direction, said outer peripheral surface 
having a size substantially even between said front 
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and said rear sections. 

5. A reciprocal motion type compressor as claimed in 
claim 4, wherein said inner peripheral surface 
becomes greater gradually from said rear section 5 
towards said front section to form a smoothly 
curved concave. 

6. A reciprocal motion type compressor as claimed in 
claim 4, wherein said inner peripheral surface 10 
becomes greater gradually from said rear section 
towards said front section to form a conical surface. 

7. A reciprocal motion type compressor as claimed in 
one of claims 1 to 6, wherein said cover member is is 
fixed to said body member by at least one selected 
from a welding method, a mechanical method, and 

a chemical method. 

8. A reciprocal motion type compressor comprising a 20 
piston reciprocally movable in a cylinder bore, 
wherein said piston has a cover member and a 
body member fixed to each other, said cover mem- 
ber having an insertion portion engaged with a rear 
section of said body member, said insertion portion 25 
having a sectional area becoming smaller gradually 
from a rear end of said insertion portion towards a 
front end thereof. 

9. A reciprocal motion type compressor comprising a 30 
cylinder block defining a cylinder bore extending in 

an axial direction of the compressor, a piston 
placed in said cylinder bore and movable in said 
axial direction, and driving means for reciprocally 
driving said piston in said axial direction, said piston 35 
comprising: 

a body member having a front portion and a 
rear portion which are opposite to each other in 
said axial direction, said front portion being 40 
coupled to said driving means, said rear por- 
tion having a rear surface and a hollow portion 
extending from said rear surface in said axial 
direction; and 

a cover member coupled to said rear portion of 45 
said body member and comprising a fitting por- 
tion substantially closely fitted into said hollow 
portion of said body member, said fitting por- 
tion comprising a front section having a first 
sectional area and a rear section having a sec- so 
ond sectional area which is greater than said 
first sectional area. 
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TENSILE 

STRENGTH : 1 ton 



TENSILE 
STRENGTH : 2 ton 



TENSILE 

STRENGTH : 3 ton 
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